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Abstract
FermiSurfer is a newly developed Fermi-surface viewer designed to facilitate the understanding of the physical properties
of metals. It can display the Fermi surfaces of a material, color plots of arbitrary k-dependent quantities, the Fermi
surface at arbitrary cross sections (Fermi lines), cross- or parallel- eye three-dimensional stereogram views, nodal lines,
extremal orbits, and highlight the occupied or empty side of the Fermi surface. In addition, various first-principles
software packages can produce input for FermiSurfer. This paper explains how to use FermiSurfer and demonstrates its
usefulness by investigating the origin of the anisotropic superconductivity of YNi2B2C.
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PROGRAM SUMMARY
Program Title: FermiSurfer
Licensing provisions: MIT
Programming language: C
Nature of problem: The anisotropy of quantities on Fermi sur-
faces (the character of orbitals, etc.) strongly affects electronic
properties, such as superconductivity or thermoelectricity, in
metals. Observing the anisotropy, however, remains difficult.
Thus, a graphical tool that can elucidate how quantities vary
over complicated Fermi surfaces is highly desirable.
Solution method: FermiSurfer [1] uses the tetrahedron method
[2] to compute Fermi surfaces. The French-curve interpolation
[3] is used to display smooth Fermi surfaces.
Additional comments including Restrictions and Unusual
features : The parallel- and cross- eye stereograms are avail-
able to enhance the visibility of complicated Fermi surfaces.
This program works on any operating system, such as Linux,
UNIX, macOS, and Windows, in which OpenGL library [4] is
installed.
1. Introduction
The Fermi surface is called “the face of metal” [5] and
strongly affects the properties of metals because it is the
most active region in reciprocal space. The shape of the
Fermi surface affects the oscillation of physical quantities
that lead, for example, to the de Haas–van Alphen ef-
fect and the Shubnikov–de Haas effect [6]. Almost-parallel
Fermi surfaces cause anomalies in the response functions
at the corresponding wave vector (i.e., the nesting vector)
[7]. Alkali metals have a spherical Fermi surface, and the
∗Corresponding author.
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electrons in these metals behave as a nearly free electrons.
Conversely, the Fermi surfaces of cuprates are almost two
dimensional and some of them are strongly nested [8].
MgB2 [9] has both two- and three-dimensional Fermi sur-
faces, with significantly different superconducting gaps at
each surface [10, 11, 12].
By using software such as XCrysDen [13], Fermi sur-
faces may be displayed as unicolor isosurfaces to reflect the
single-electron energy and we can find the nesting vector.
However, because these plots show only the shape of the
Fermi surface, their information content is limited. To ob-
tain more information requires the ability to plot arbitrary
k-dependent quantities on Fermi surfaces, where k is a
Bloch wave vector. Although VESTA [14], which is a pro-
gram for visualizing the crystalline structure and charge
density of materials, can draw such plots, a VESTA Fermi-
surface plot especially for multiband systems involves a
complicated procedure. Also, VESTA cannot display the
first Brillouin zone.
To address this situation, we developed a program called
“FermiSurfer” [1] to display arbitrary k-dependent quan-
tities on the Fermi surface of a given material. In addi-
tion, FermiSurfer can plot the cross-section of Fermi sur-
faces, stereograms, extremal orbits and nodal lines of k-
dependent quantities. The program reads a simple input
file that can be generated by arbitrary software and is
distributed through the MIT X consortium license, so it
can be used and included in all software such as Win-
mostar [15]. For example, the first-principles software
packages, Quantum ESPRESSO [16] (the plane-wave-
and pseudopotential-based code) and Superconducting-
Toolkit [17] based on the density functional theory for
superconductors [18], can both generate files readable by
FermiSurfer. This paper provides an introduction to Fer-
miSurfer. To begin, Sec. 2 explains the method used by
the program, and then Sec. 3 shows how to install it. Sec-
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tion 4 discusses the input-file format, Sec. 5 shows how to
use its functions, and Section 6 shows an example of how
FermiSurfer may be used in a study and, finally, Sec. 7
concludes and summarizes.
2. Method
In this section we explain the tetrahedron method to
compute the fragment of the Fermi surfaces from the grid
data of the orbital energy εk. We also explain the inter-
polation method to smooth the displayed Fermi surfaces.
In this section we suppress the band index.
2.1. Tetrahedron method applied to patches
To draw a Fermi surface with the tetrahedron method
[2], FermiSurfer first reads the orbital energy εk and any
k-dependent quantity Xk on a uniform k grid. The Bril-
louin zone is then separated into cells, with each cell cut
into six tetrahedra [Fig. 1(a)], and εk and Xk are linearly
interpolated to analytically compute triangular isosurface
fragments. Next, in each tetrahedron, we cut out one or
two triangles where εk = εF and evaluate X
tri
i (i = 1, 2, 3)
at the corners of each triangle:
Xtrii =
4∑
j=1
Fij(ε1, · · · , ε4, εF)Xj , (1)
where ε1, · · · , ε4 and X1, · · · , X4 are the orbital energy
and k-dependent quantity at each corner of the tetra-
hedron, respectively. Fij is calculated as follows [aij ≡
(εi − εj)/(εF − εj). we assume ε1 ≤ ε2 ≤ ε3 ≤ ε4]:
• When ε1 ≤ εF ≤ ε2 ≤ ε3 ≤ ε4 [Fig. 1(b)],
F =
a12 a21 0 0a13 0 a31 0
a14 0 0 a41
 (2)
• When ε1 ≤ ε2 ≤ εF ≤ ε3 ≤ ε4 [Fig. 1(c)],
F =
a13 0 a31 0a14 0 0 a41
0 a24 0 a42
 (3)
F =
a13 0 a31 00 a23 a32 0
0 a24 0 a42
 (4)
• When ε1 ≤ ε2 ≤ ε3 ≤ εF ≤ ε4 [Fig. 1(d)],
F =
a14 0 0 a41a13 a24 0 a42
a12 0 a34 a43
 (5)
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Figure 1: (a) A cell of uniform k-point grid is cut into six tetrahedra.
Dividing a tetrahedron for (b) ε1 ≤ εF ≤ ε2, (c) ε2 ≤ εF ≤ ε3, (d)
ε3 ≤ εF ≤ ε4. (e) Triangular patches are combined into Fermi
surfaces.
We compute the k points and Xk at the corner of each
triangular patch as shown above then paint each patch
with colors linearly interpolated from those at the cor-
ner. The normal vector for simulating the lighting con-
ditions is obtained from the Fermi velocity computed by
using the central-difference method. Finally these trian-
gular patches are combined into Fermi surfaces [Fig. 1(e)].
2.2. French-curve interpolation
To smooth the Fermi surfaces for display, we interpo-
late the energy εk and the k-dependent quantity Xnk into
a k grid that is denser than that of the input. Because
of band crossing, the spline, Fourier, and polynomial in-
terpolations are not appropriate for this purpose; oscilla-
tion occurs even at points far from the band-crossing point
where the energy band has a kink. Although the disentan-
gled Wannier interpolation [19] is one of the most accu-
rate methods to interpolate band structure, this method
requires additional information (i.e. Bloch functions) and
care with the parameters (energy window and projectors),
so FermiSurfer has difficultly doing this interpolation au-
tomatically. Therefore, we use a simple French-curve in-
terpolation [3], which requires only the original function
itself and is robust against kinks in the band structures
because of its compact formula. By using the French-curve
interpolation, we obtain the interpolated function f˜(x) in
x = [0, 1] from the original function at four points [f(−1),
f(0), f(1), and f(2)] as follows:
f˜(x) = a−1(x)f(−1) + a0(x)f(0) + a1(x)f(1) + a2(x)f(2),
(6)
2
where
a−1(x) = −x(1− x)
2
2
,
a0(x) =
{
(1− x)2 + 3x(1− x) + x
2
2
}
(1− x),
a1(x) =
{
x2 + 3(1− x)x+ (1− x)
2
2
}
x,
a2(x) = −x
2(1− x)
2
. (7)
This interpolated function f˜(x) satisfies f˜(0) = f(0),
f˜(1) = f(1), f˜ ′(0) = {f(1) − f(−1)}/2 and f˜ ′(1) =
{f(2) − f(0)}/2 and depends only on these four points.
Therefore, the effect of the kink structure at the band-
crossing point is confined to the vicinity of that point. We
can easily extend Eq. (6) into the three dimensional case
as follows:
f˜(x, y, z) =
2∑
l=−1
2∑
m=−1
2∑
n=−1
al(x)am(y)an(z)f(l,m, n).
(8)
3. Installation
This section explains the procedure for installing Fer-
miSurfer.
3.1. Executable file for Windows
The FermiSurfer package contains the source code,
sample input files, documents, and the binary file
bin/fermisurfer.exe for Windows. Therefore, it does
not need to be built for Windows. The necessary dynamic
link library files are also included.
3.2. Build by hand
For UNIX, Linux, and macOS, FermiSurfer has to be
built manually. Since FermiSurfer uses the OpenGL [4]
library and the OpenGL Utility Toolkit (GLUT), these
libraries first have to be installed as follows:
For Debian and Ubuntu
$ sudo apt-get install freeglut3-dev
For Red Hat Enterprise Linux and CentOS
$ sudo yum install freeglut-devel.x86_64
For macOS, these libraries can be installed as part of the
Xcode utility.
FermiSurfer can be built and installed by using
$ ./configure
$ make
$ make install
The binary files src/fermisurfer and src/bxsf2frmsf
are then generated and copied into the directory
/usr/local/bin/.
4. Input file
This section introduces the format of the FermiSurfer
input file and gives examples of source code in Fortran and
C to generate such a file. Also, we introduce the interface
between FermiSurfer and other programs.
4.1. Input-file format
To compute the Fermi surfaces with a color plot of a
k-dependent quantity, FermiSurfer requires the number of
k points in three directions, the reciprocal-lattice vectors,
the number of bands, the orbital energy εnk where n is
the band index, and any k-dependent quantity Xnk (e.g.
the superconducting gap). The quantities εnk and Xnk are
input as grid data.
Figure 2 shows an example input file called
mgb2_vfz.frmsf that is contained in the FermiSurfer
package. Each component of this file may be described as
follows:
(1) The number of k-grid points along each reciprocal-
lattice vector;
(2) Specify the type of k grid (available values are 0, 1, or
2). The k grid is represented as follows:
ki,j,l = x1ib1 + x2jb2 + x3lb3, (9)
40   40   36                       (1)
0                                  (2)
3                                  (3)
1.0000000   0.5773503   -0.0000000 (4)
0.0000000   1.1547005    0.0000000 (5)
0.0000000  -0.0000000    0.8720651 (6)
2.91340202E-02                     (7)
2.93242838E-02
2.98905596E-02
3.08193434E-02
:
:
0.14393796
0.12800488
0.0000000                          (8)
0.36269817
0.71675694
1.0535113
1.3644149
:
:
-26.409407
-19.318560
-10.315671
 
Figure 2: (Color online) Example of input file. The content labeled
by line numbers in parentheses is explained in the main text. These
labels do not appear in the actual input file.
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where i = 1, · · ·N1, j = 1, · · ·N2, l = 1 · · ·N3, and
N1, N2, N3 are the number of k in the direction of each
reciprocal-lattice vector. Each switch corresponds to
the following xαi:
• 0: xαi = (2i−1−Nα)/(2Nα) (i.e., the Monkhorst-
Pack grid)
• 1: xαi = (i− 1)/Nα
• 2: xαi = (2i− 1)/(2Nα)
(3) The number of bands
(4) Reciprocal lattice vector 1
(5) Reciprocal lattice vector 2
(6) Reciprocal lattice vector 3
(7) The orbital energy εnk. By default, FermiSurfer as-
sumes that the Fermi energy is zero. We can shift the
Fermi energy by using the menu “Shift Fermi Energy”,
which is described in Sec. 5.3.
(8) k-dependent quantity Xnk
Figures 3 and 4 show the source code in Fortran and the
C, respectively, which generate this input file.
4.2. Converting BXSF files
Input files for FermiSurfer can be generated from a
XCrysDen input file [13] (i.e., from the bxsf format) by
using the utility program “bxsf2frmsf”, which is included
in the FermiSurfer package.
4.3. Generating input file with other programs
There are two first-principles program packages, Quan-
tum ESPRESSO [16] and Superconducting-Toolkit
(SCTK) [17], that can output files compatible with Fer-
miSurfer. Quantum ESPRESSO is a first-principles
software package which bases its calculations on plane
waves and pseudopotentials. Since version 6.2, this pack-
age can generate files containing the Fermi velocity and
the atomic orbital character on Fermi surfaces. The Fermi
velocity on the Fermi surface affects the conductivity and
other properties, so knowledge of the anisotropy of this
velocity is important for things such as the thermoelectric
materials. Moreover, when the contributions from each
atomic orbital vary on the Fermi surface, various quanti-
ties become anisotropic.
SCTK is a software package based on the density func-
tional theory for superconductors (SCDFT) [18]. By us-
ing SCTK, we can compute the superconducting gap ∆nk
and the transition temperature, and generate files for dis-
playing the superconducting gap with FermiSurfer. This
is done as a postprocess after obtaining the gap function
by self-consistently solving the gap equation of SCDFT.
SCTK can also compute the electron-phonon renormal-
ization and the screened Coulomb potential that can be
displayed as color plots on Fermi surfaces. In Sec. 6, we
show an example of study which is performed by using
these programs together with FermiSurfer.
5. Usage and functions
5.1. Launch
For Linux, UNIX, or macOS, the executable file is
launched as follows:
$ fermisurfer mgb2_vfz.frmsf
A space is required between the command and the name
of the input file (the sample input file mgb2_vfz.frmsf
contains z elements of the Fermi velocity in MgB2).
For Windows, we launch FermiSurfer by right-clicking
on the input file, choosing “Open With ...”, and selecting
the binary file fermisurfer.exe.
5.2. Appearance
Figure 5 shows the appearance of FermiSurfer during
execution. It uses two windows (the main window and the
REAL(4) :: bvec1(3), bvec2(3), bvec3(3)
! Reciprocal lattice vector
INTEGER :: nk1, nk2, nk3
! k-grid of each direction
INTEGER :: k_grid_type ! 0, 1, or 2.
INTEGER :: nbnd ! The number of bands
REAL(4) :: eig(nk3,nk2,nk1,nbnd) ! energy
REAL(4) :: x(nk3,nk2,nk1,nbnd)
! k-dependent quantity
 
INTEGER :: ik1, ik2, ik3, ibnd, fo = 10
 
OPEN(fo, file = "sample.frmsf")
WRITE(fo,*) nk1, nk2, nk3
WRITE(fo,*) k_grid_type
WRITE(fo,*) nbnd
WRITE(fo,*) bvec1(1:3)
WRITE(fo,*) bvec2(1:3)
WRITE(fo,*) bvec3(1:3)
DO ibnd = 1, nbnd
   DO ik1 = 1, nk1
     DO ik2 = 1, nk2
        DO ik3 = 1, nk3
           WRITE(fo,*) eig(ik3,ik2,ik1,ibnd) 
        END DO
     END DO
   END DO
END DO
DO ibnd = 1, nbnd
   DO ik1 = 1, nk1
     DO ik2 = 1, nk2
        DO ik3 = 1, nk3
           WRITE(fo,*) x(ik3,ik2,ik1,ibnd) 
        END DO
     END DO
   END DO
END DO
CLOSE(fo)
Figure 3: (Color online) Example of the Fortran source code to gen-
erate input file.
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float bvec1[3], bvec2[3], bvec3[3];
/*Reciprocal lattice vector*/
int nk1, nk2, nk3;
/*k-grid of each direction*/
int k_grid_type; /*0, 1, or 2.*/
int nbnd; /*The number of bands*/
float ****eig; /*Energy*/
float ****x; /*k-dependent quantity*/
 
FILE* fo;
int ibnd, ik1, ik2, ik3, ierr;
 
fo = fopen("sample.frmsf", "w");
ierr = fprintf(fo, "%d %d %d\n",
  nk1, nk2, nk3);
ierr = fprintf(fo, "%d\n", k_grid_type);
ierr = fprintf(fo, "%d\n", nbnd);
ierr = fprintf(fo, "%e %e %e\n", 
  bvec1[0], bvec1[1], bvec1[2]); 
ierr = fprintf(fo, "%e %e %e\n", 
  bvec2[0], bvec2[1], bvec2[2]);
ierr = fprintf(fo, "%e %e %e\n", 
  bvec3[0], bvec3[1], bvec3[2]);
for (ibnd = 0; ibnd < nbnd; ++ibnd)
  for (ik1 = 0; ik1 < nk1; ++ik1) 
    for (ik2 = 0; ik2 < nk2; ++ik2)
      for (ik3 = 0; ik3 < nk3; ++ik3)
        ierr = fprintf(fo, "%e\n",
          eig[ibnd][ik1][ik2][ik3]); 
for (ibnd = 0; ibnd < nbnd; ++ibnd)
  for (ik1 = 0; ik1 < nk1; ++ik1) 
    for (ik2 = 0; ik2 < nk2; ++ik2) 
      for (ik3 = 0; ik3 < nk3; ++ik3) 
        ierr = fprintf(fo, "%e\n",
          x[ibnd][ik1][ik2][ik3]); 
fclose(fo); 
 
Figure 4: (Color online) Example of C source code to generate input
file.
Terminal (e.g. Command-prompt) Menu
Main window
Prompt
Brillouin-zone boundary
Fermi surfaces
Color scale
Figure 5: (Color online) Main view of FermiSurfer application.
terminal window): The main window displays the Fermi
surface, the Brillouin-zone boundary, and the color scale.
A pop-up menu appears upon right-clicking anywhere in
the main window. It is also possible to rotate, resize, and
translate the objects by dragging with the mouse, using
the mouse wheel, and using the cursor keys, respectively.
Information about the input data and the figure appear
in the terminal window. Some commands in the pop-up
menu, such as “Shift Fermi energy”, require input at the
prompt in the terminal window.
5.3. Menu
We now explain the commands in the pop-up menu.
Background color
The background (Brillouin zone boundary) color is tog-
gled between black and white (white and black).
Band
Each band can be turned on and off separately. The
bands displayed are marked with an “x” in the subcom-
mand of this command.
Brillouin zone
The type of Brillouin zone is either the first Brillouin
zone or the primitive Brillouin zone (see Fig. 6). The first
Brillouin zone is the region surrounded by the Bragg planes
nearest to the Γ point, whereas the primitive Brillouin zone
is a parallelepiped whose edges are the input reciprocal-
lattice vectors.
Color bar
This command displays and hides the color scale.
Color scale mode
This command modifies the color scale used to dis-
play quantities on the Fermi surface. It has eight sub-
commands “Auto”, “Manual”, “Unicolor”, “Fermi velocity
(Auto)”, “Fermi velocity (Manual)”, “Grayscale (Auto)”,
and “Grayscale (Manual)”. The subcommands “Auto”
and “Manual” allow the input physical quantity to be
plotted in color. “Gray scale (Auto)” and “Gray scale
(Manual)” plot the input physical quantity in Gray scale.
The “Unicolor” subcommand paints the Fermi surface in
a single color. The “Fermi velocity (Auto)” and “Fermi
velocity (Manual)” subcommands produce color plots of
the Fermi velocity computed internally from the energy
Figure 6: (Color online) The type of Brillouin zone is changed by
using the “Brillouin zone” command.
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(111)
(110)
(a) (b)
Figure 7: Fermi surfaces of SrVO3 together with color plot of Fermi
velocity. Red, green, and blue indicate the maximum, middle, and
minimum Fermi velocity, respectively. Black lines on the Fermi sur-
face indicate the extremal orbits along the (a) (111) direction and
(b) (110) direction.
bands. Note that “Unicolor”, “Fermi velocity (Auto)”,
and “Fermi velocity (Manual)” ignore the input physical
quantity. “Auto”, “Fermi velocity (Auto)”, or “Gray scale
(Auto)” automatically set the blue and red extremities of
the color scale to the minimum and maximum values of
the displayed quantity, respectively. Conversely, subcom-
mands “Manual”, “Fermi velocity (Manual)”, and “Gray
scale (Manual)” allow the user to set the values for the
blue and red extremities of the color scale.
Equator
In experiments such as ultrasonic attenuation [20] and
the de Haas–van Alphen oscillation [6], the electronic
states situated on lines where the Fermi velocity is orthog-
onal to a vector (e.g. orientation vector of the magnetic
field) dominate the response; these lines are called the ex-
tremal orbits. By visualizing quantities such as electron-
phonon renormalization on the extremal orbits, we can
study the anisotropy appearing in these experiments. Us-
ing the “Equator” command, the user can toggle the dis-
play of the extremal orbits and modify the vector to be
orthogonalized to the Fermi velocity. As an example, Fig.
7 shows the Fermi surfaces of SrVO3 together with the ex-
tremal orbits in the (111) and (110) directions and a color
plot of the Fermi velocity. This graphic shows the (110)
orbit passes through the region of minimum Fermi veloc-
ity, whereas the (111) orbit does not pass through that
region.
Interpolation
This command smooths the Fermi surface by using the
French-curve interpolation (Sec. 2.1). This command
modifies the number of extra points that are computed
by using the interpolation.
Lighting
The Fermi surface is the interface between the electron-
ically occupied and unoccupied regions. Via three com-
mands, FermiSurfer allows the user to choose which side
of the Fermi surface is illuminated: Both sides, the unoc-
cupied side only, or the occupied side only. Figure 8 shows
the Fermi surface of H3S [21, 22] (Im3¯m phase) at 150 GPa
with only the occupied side illuminated. The results shows
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Figure 8: (a) Band structure of H3S at 150 GPa (Im3¯m phase)
and k-point path for this plot (b), (c) Fermi surfaces of H3S with
both sides illuminate. The color scale gives the absolute value of the
Fermi velocity. (d) Fermi surfaces of H3S with only the occupied
side illuminate. The color scale gives the absolute value of the Fermi
velocity (red and blue color indicate the maximum and the minimum
Fermi velocity, respectively).
the electron pocket at the corner of the Brillouin zone and
the hole pockets at the center of the Brillouin zone.
Line width
This command modifies the width of the Brillouin-zone
boundary, the nodal line, etc.
Mouse drag
This command changes the effect of a mouse-left-drag.
The three associated subcommands “Rotate”, “Scale”,
and “Translate” rotate objects along the mouse drag, re-
size objects with an upward or downward drag, and trans-
late objects along the mouse drag, respectively.
Nodal line
This command toggles on and off the line on which the
k-dependent quantity is zero (i.e., the nodal line).
Section
This command allows the user to display a two-
dimensional plot of the Fermi surface from an arbitrary
cross section of the Brillouin zone. This command has
three subcommands: “Section”, “Modify section”, and
“Modify Section (across Gamma)”. The subcommand
“Section” toggles on and off the two-dimensional plot of
the Fermi surface. The subcommand “Modify Section”
and “Modify Section (across Gamma)” allow the user to
specify the cross section. With these two subcommands,
the user specifies a vector in reciprocal fractional coordi-
nates, and the cross section is vertical to this vector. With
the “Modify Section” subcommand, the cross section is
perpendicular to the tip of the specified vector [Fig. 9
(a)]. Conversely, the “Modify Section (across Gamma)”
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subcommand puts the Γ point in the cross section [Fig. 9
(c)]. In the latter case, the length of the specified vector
is ignored.
Shift Fermi energy
This command shifts the Fermi energy (which is zero by
default) to an arbitrary value. This command first displays
in the terminal window the current Fermi energy and the
minimum and maximum energy in the input file. The user
then inputs the new Fermi energy at the prompt in the
terminal window, and the new Fermi surface is displayed.
Stereogram
This command toggles on and off the stereogram (par-
allel eye and cross eye; see Fig. 10). It contains three
subcommands: “None”, “Parallel”, and “Cross”. In the
default setting “None”, the stereogram is not shown. The
“Parallel” and “Cross” subcommands display a parallel-
and cross-eye stereogram, respectively.
Tetrahedron
This command allows the user to change the direction
Normal vector : (0.0 0.0 0.3)
Normal vector : (1.0 0.0 0.0)
(a)
(b)
(c)
(d)
Figure 9: (Color online) (a) Fermi surface on cross section perpen-
dicular to vector (0.0, 0.0, 0.3). (b) Schematic illustration of cross
section used in panel (a). (c) Fermi surface on the cross section con-
taining the Γ point and perpendicular to vector (1.0, 0.0, 0.0). (d)
Schematic illustration of cross section used in panel (c).
Figure 10: (Color online) Parallel-eye stereogram of Fermi surface
of H3S at 150 GPa (Im3¯m phase) together with color plot of Fermi
velocity.
Projection onto 
Ni 3d orbital [%]
Superconducting gap
[meV]
Electron-phonon 
renormalization
0 40 8020 603.11.3 2.2 2.61.7 1.50.4 1.0 1.20.7
(a) (b) (c)
Figure 11: (Color online) Part of Fermi surface of YNi2B2C together
with color plots of (a) superconducting gap, (b) electron-phonon
renormalization, and (c) Ni 3d character.
in which a tetrahedra is cut from a cell [Fig. 1 (a)].
Viewpoint
This command changes the viewpoint. It has three sub-
commands, “Scale”, “Position”, and “Rotation”, which al-
low the user to change the size, position, and orientation of
objects, respectively. For each subcommand, the current
value is first displayed, then the user is prompted to input
a new value in the terminal window.
6. Examples
This section discusses the use of FermiSurfer to in-
vestigate the anisotropic superconductivity in YNi2B2C
[23, 24]. Although this material is a conventional phonon-
mediated superconductor, it has highly anisotropic super-
conducting gaps [25, 26, 27, 28]. Figure 11(a) shows the
superconducting gap computed with SCTK [17]. Small-
gap (large-gap) regions appear at the corners (center) of
the Brillouin zone. The same tendency appears in the color
plot of the electron-phonon renormalization [Fig. 11(b)]
λnk =
∑
qνn′
2
ωqν
|gqνnkn′k+q|2δ(εn′k+q − εF), (10)
where ωqν is the phonon frequency for wave number q and
branch ν, εnk is the Kohn–Sham eigenvalue for wave num-
ber k and band index n, gqνnkn′k+q is the electron-phonon
vertex between Kohn–Sham orbitals (n, k), (n′, k+ q) and
the phonon (ν, q). Therefore, the anisotropy of the super-
conducting gaps comes from the anisotropy of the electron-
phonon interaction. The origin of the anisotropy of the
electron-phonon interaction is traced as follows: Figure 11
(c) shows the projection of the Kohn–Sham orbitals onto
the Ni 3d orbitals,∑
τ=Ni1,Ni2
|〈ϕnk|φτ,n=3,l=2,m〉|2, (11)
where ϕnk is the Kohn–Sham orbital for the wave num-
ber k and band index n, and φτnlm is the atomic orbital
whose principal, angular momentum, and azimuthal quan-
tum numbers are n, l,m, respectively. Based on this and
the previous figures, we see that locations of strong Ni 3d
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correspond to small electron-phonon interaction, and vice
versa. Further study [17] indicates that the Ni 3d state,
which is localized around Ni atoms strongly screens this
electron-phonon interaction. In contrast with YNi2B2C,
MgB2 [9] exhibits a separated multiband superconductiv-
ity [10, 11, 12], so continuous multiband superconductivity
occurs in this material because of the variation of the hy-
bridization on the Fermi surface.
7. Summary
We present herein FermiSurfer, which is a Fermi-surface
viewer designed to facilitate an intuitive understanding of
electronic states in metals. FermiSurfer reads the orbital
energy εnk and an arbitrary k-dependent quantity Xnk,
and displays the corresponding Fermi surface color coded
to indicate the value of the given quantity on the Fermi sur-
face. Furthermore, FermiSurfer can display stereograms,
nodal lines of the given quantity, cross section of the Fermi
surface at any plane, and illuminate either the occupied
or unoccupied side of the Fermi surface. Various first-
principles software packages can generate data files read-
able by FermiSurfer, several examples of which are used to
demonstrate the benefit of using FermiSurfer.
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the Development of Human Resources in Science and Tech-
nology and Priority Issue (creation of new functional de-
vices and high-performance materials to support next-
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computer in ISSP at the University of Tokyo. The authors
would like to thank Enago (www.enago.jp) for the English
language review.
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